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Engineering Escherichia coli to see light; Anselm Levskaya at al;  A synthetic oscillatory network; of transcriptional regulators Michael B. Elowitz & Stanislas 
Leibler
A synthetic multicellular system for programmed pattern formation; Subhayu Basu at al



Repressilator controlled 
photography with band detection?

?
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In most engineering 
disciplines…

Can we make biology like this?
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Relevant Device Characteristics

• Transfer Function
• Variability
• Specificity (with respect to inducer)
• Latency (High/Low)
• Stability (genetic and performance)
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Variability
Overnight dilution & 8h 
growth 45min AHL 
incubation

variability

Cvp=9.5%

Cvm=5.2%

M

G
FP



N-Hexanoyl-DL-homoserine lactone

N-Heptanoyl-DL-homoserine lactone
N-Tetradecanoyl-DL-homoserine lactone 

N-Decanoyl-DL-homoserine lactone

N-Dodecanoyl-DL-homoserine lactoneN-Butyryl-DL-homoserine lactone

N-Octanoyl-DL-homoserine lactoneN-(β-Ketocaproyl)-DL-homoserine lactone (cognate)

Specificity-Reagents



Specificity
Cognate AHL

7 AHL
6 AHL
8 AHL

10 AHL

12 AHL
4 AHL

14 AHL



Latency

Add rifampicin

Add AHL to all 
at t = 0min

Add rifampicin



Latency

Add rifampicin

post-transcriptional maturationsteady state productioninitiation



Device Stability
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And now in 
biology….



Thank You



Backup Slides



Registry of Standard 
Biological Parts

parts.mit.edu



Experimental Protocol
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Performance Stability  –
multi well fluorimetry



Performance Stability  – FACS
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Machine Variation

Machine Variation
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Genetic Stability

• Day5:

•Point mutation in C0062 (luxR )

• &

cut out

• Day1, Day 2: No mutations

• Day3: No data available

• Day4:

cut out

I13273



Genetic Stability
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Relevant Device Characteristics

• Transfer Function
• Variability
• Specificity (with respect to inducer)
• Latency (High/Low)
• Stability (genetic and performance)



Latency

Add rifampicin

Add AHL to all 
at t=0min

Add rifampicin



Carry Over Slides
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Variability - Overview

• What difference in performance of device can I 
expect if from a plate/glycerol and I use it?

•Take 8 random colonies from the plate and measure 
difference in performance

•Sequencing to see genetic variation



Motivation
• Design and modeling of more complex 

systems
• Reliable & specified devices
• Organizing the parts
• Comparison between institutions

Aim: Define part characterization by example characterization
Insight into cell-cell communication



data
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Stability of I13273

Measure the performance and genetic stability of the receiver

-Under two conditions:

-Full load

-No load

-Type of performance degradation (all or nothing vs. graded)

- Cell physiology over time (microscopy)

I13273



TRANSFER FUNCTION
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Future Work

• Latency, Specificity, Variability
– Repeat to avoid human mistakes
– Measure reporter latency and use it to estimate the 

latency purely of receiver device (stop translation exp)
– Calibrate output in PoPs

• Stability
– Fine tune protocol
– Repeat for GFP
– Get microscope images
– Repeat with more stable/selectable reporter?



Motivation

Synthetic Biology

Building systems robust, reusable, self-replicating

Medical antibiotic/enzyme production , in vivo monitoring devices
Engineering information processing (logic gates, repressilator)
Science new perspective to understand the living world, intracellular physics

Reliable & specified parts

Aim: Define part characterization by example characterization
Insight into cell-cell communication

need:



YFP = I13273

GFP = T9002

+



Latency

Add rifampicin

Add AHL to all 
at t=0min

Add rifampicin



Latency - Rate of GFP production
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Lux Receiver



Latency

Add rifampicin

Add rifampicin

Add AHL to all 
at t=0min



Cell-Cell Communication Device
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Latency

Add rifampicin

Add AHL to all 
at t=0min

Add rifampicin



Latency

Add rifampicin

initiation steady state production post-transcriptional maturation


